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Morphological and conformational transitions of lentinan (LT), a S-glucan extracted from Shiitake mush-
rooms (Lentinula edodes), were investigated at different concentrations of aqueous NaOH, using Small
Angle X-ray Scattering (SAXS) technique. At low NaOH,q) concentration LT chains are self-associated
and adopt the triple helix form where as at higher NaOH concentrations the polymer chains undergo a
transition to random coil chains. Also, the presence of fractal dimensions was observed through analysis
of the exponential decay of the scattering intensity as a function of the scattering angle. In addition, the
lateral radius of gyration was determined for LT in different concentrations of NaOH solution, indicating a
Helix-coil transition rigid triple helix present as a small rod-like structure. Interactions of LT with two zwitterionic surfactants
Lentinan were investigated by surface tension, fluorescence, and static light scattering measurements. Experimen-
SAXS tal data showed that the formation of LT-(surfactant) complexes occurred through a cooperative process.
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1. Introduction

The study of biopolymers has grown considerably in recent
decades because of their wide application in different areas and
relatively low cost. In addition, such polymers have low impact
on the environment, since they are biodegradable and biocompat-
ible. The polysaccharides produced by algae, bacteria and fungi
have been extensively used in technological applications (Silva
et al., 2006). B-Glucans, polysaccharides of high molecular weight
extracted from the cell walls of edible mushrooms, are used in
medicine due to their bioactive,immunomodulatory and antitumor
properties (Zhang, Cui, Cheung, & Wang, 2007). Lentinan (LT), one
such polysaccharide, has a high molecular weight (5 x 10° gmol-1)
and contains only D-glucopyranose units in its macromolecular
structure, with mostly B8-(1—3)-glucose linkages in its regularly
branched backbone and 8-(1—6)-glucose side-chains (Zong, Cao,
& Wang, 2012) (Fig. 1).

In aqueous solution, LT is self-associated in the form of triple
helix chains (Xu, Wang, Cai, & Zhang, 2010; Xu, Zhang, Zhang,
& Wu, 2004). It is known that this triple helix conformation is
maintained due to intra- and intermolecular hydrogen bonding in
aqueous solution (Zhang, Zhang, & Xu, 2004). This conformation
changes when LT is dissolved in dimethyl sulfoxide (Wang et al.,
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2009; Wang, Zhang, Zhang, & Ding, 2009) or if the temperature is
increased (Zhang, Xu, & Zhang, 2008). Likewise, it can alter when
LT is dissolved in aqueous NaOH: a triple helix string formation
occurring at concentrations of NaOH below 5 x 10-2 molL~! and a
random conformation being observed at concentrations of NaOH
greater than 8 x 1072 mol L~! (Zhang et al., 2004).

A better understanding of the morphological transitions of §-
glucans such as LT is an important prerequisite to assessing the
relationship between bioactivity and morphology, since a number
of biological and immune pharmacological activities described in
the literature are dependent on the conformation of these polysac-
charides (Surenjav et al., 2005; Wasser & Weis, 1999). Sakurai et al.
(2005) have shown that S-glucans with $-(1—3)-glucose linkages,
for instance, LT, curdlan and schizophyllan, form macromolecular
complexes with polynucleotides, such as DNA and RNA, and also
interact with other molecules and conjugated polymers forming
nanocomposites (Li, Zhang, Xu, & Zhang, 2011; Liu, Xu, Zhang, &
Yu, 2012).

Many studies on the relationship between the molecular con-
formation and antitumor activity of LT and other B-glucans have
been reported (Tang et al., 2012; Zong et al., 2012), but little is
known about the interaction of LT with amphiphilic molecules
and its behavior in the presence of such molecules. In this con-
text, in this study, we extracted LT from the fruiting bodies of
Shiitake mushrooms (Lentinula edodes). After the characterization
of LT, its morphological structure was investigated at different
concentrations of aqueous NaOH by means of the Small Angle
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Fig. 1. Representation of the chemical structure of LT.

X-ray Scattering (SAXS) technique. Subsequently, the interaction
of LT with the zwitterionic surfactants N-dodecyl-N,N-dimethyl-
3-ammonio-1-propanesulfonate (SB3-12) and N-tetradecyl-N,
N-dimethyl-3-ammonio-1-propanesulfonate (SB3-14) was inves-
tigated in aqueous solutions through surface tension, fluorescence,
and static light scattering (SLS) measurements.

2. Experimental
2.1. Materials

SB3-12 and SB3-14 were supplied by Sigma-Aldrich with a
purity of 99%, and were used without further purification. Pyrene
(Sigma-Aldrich, 99%) was recrystallized three times from methanol
and dried before use. The deionized water used in all measurements
was obtained through previous distillation, followed by purifica-
tion employing a Millipore Milli-Q system.

2.2. Characterizations

The Fourier transform infrared (FT-IR) spectra of LT were
recorded with an ABB FTLA 2000 spectrophotometer. For each sam-
ple 100 scans were recorded at between 4000 and 600 cm~!, with
a resolution of 4cm~! using KBr pellet. The!3C NMR spectrum
was recorded on a Varian NMR AS 400 spectrometer operating at
100 MHz. This spectrum was obtained in DMSO-dg solution with
an LT concentration of 4 x 10~2 gmL-! at 25.0°C.

For all solutions used in the SAXS studies the LT concentration
was kept constant at 1.0mg mL~'. The concentration of NaOH was
varied with each sample. Each sample was prepared 24 h prior to
testing and kept under constant stirring for complete dissolution of
the polysaccharide. For all aqueous solutions used in the study of
the LT-surfactant interactions, the concentration of LT was main-
tained constant at 0.5 mg mL~!. All solutions prepared were left to
stand for at least two hours before use.

2.3. Extraction of LT

The polysaccharide was extracted using the methodology
described by Yap (Ann-Teck Yap & Ng, 2001). Fresh shiitake mush-
room caps (200.0 g) were mixed with 1.0L of distilled water and
homogenized in a blender. The resultant mixture was placed in a
2.0 L round-bottomed flask and refluxed for 24 h. The mixture was
then filtered and the volume of the filtrate was reduced by distil-
lation to 300 mL. The remaining solution was added to an equal
volume of absolute ethanol, and the gelatinous precipitate formed
was filtered. The precipitate was dissolved in 100.0 mL of water
at 80.0°C under stirring and filtered to remove insoluble matri-
ces. This process was repeated three times. Finally, the sample was
dissolved in 50 mL of a solution of NaOH (1.0molL~1) and placed

in a dialysis membrane (Spectra/Por® 6, MWCO=3500gmol-1)
and dialyzed for seven days. Finally, the resulting aqueous solu-
tion was lyophilized, yielding 0.115 g of solid white flakes. IR (KBr,
Dmax/cm~1): 3410 (O-H stretching), 2920 (CH, stretching), 1638
(0O-H bending), 1370 (CH; bending), 1161 (C-0O-C stretching), 1078
(C-H B-1—6 glycosidic linkages), 1041 (C-H B-1—3 glycosidic
linkages), and 890 (C-H bending). 13C NMR (100 MHz, DMSO-dg)
8/ppm: 103.9 (C1,C1"), 73.5 (C2), 87.0 (C3), 77.4 (C3'), 69.1 (C4),
76.3 (C5), 71.5 (C6), 70.6 (C6s).

2.4. SAXS measurements

All SAXS studies were carried out on the D11A-SAXS beamline
of the Brazilian Synchrotron Light Laboratory (LNLS - Campinas
- Brazil). The wavelength (1) of the incoming beam was set at
0.1488 nm and the samples were injected into a 1 mm-thick sample
(Cavalcanti et al., 2004). The collimated beam crossed the sam-
ples through an evacuated flight tube (p <0.1 mbar) and scattered
to a 2D CCD mar CCD detector with an active area of 16 cm?2. The
sample-detector distance was set at 1479.75 mm (silver behenate
was used for the calibration of the sample-to-detector distance due
to its well-known lamellar structure, d=58.48 A). The g range cov-
ered at this distance was 0.10-2.3 nm~!. 2D-images were found to
be isotropic and were corrected by taking into account the dark
noise of the detector and normalized by the sample transmission.
These images of the samples were subtracted from the corrected
and normalized 2D image of the solvent, and the resulting images
were then azimuthally integrated, considering the 360° scan to
generate the final I as a function of g profiles. This procedure was
performed with the use of the FIT2D software developed by Ham-
mersley (Hammersley, 2009).

2.5. Surface tension data

Surface tension measurements were performed using the du
Noiiy ring method, at 25.0 4+ 0.1 °C on a Kruss K8 GMBH interfacial
tensiometer equipped with a Pt-Ir-20 ring. The ring was rinsed with
a hydrochloric acid solution (4.0 mol L-1) and then with deionized
water several times before each measurement. The critical micellar
concentration (cmc) as well as the critical aggregation concentra-
tion (cac) and polymer saturation point (psp) in aqueous solution
were estimated from the intersections between the two linear por-
tions of the surface tension versus log c(surfactant) plots.

2.6. Steady-state fluorescence

The steady-state fluorescence emission spectra for pyrene were
recorded on a Hitachi F4500 spectrofluorimeter equipped with a
thermostated cell holder set at 25.0 +£ 0.1 °C and the samples were
continuously stirred in a quartz cell of 10 mm path length. The
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Table 1
Comparison between '*C NMR chemical shift data for LT in DMSO-ds obtained in this study and literature data.
/ppm
Sample c1cr Cc2 3 c3 C4 5 c6 C6s
Wang and Zhang (2009) 103.3 73.4 86.8 771 68.5 76.3 61.2 70.5
Zhang et al. (2002) 103.1 72.9 86.3 76.8 68.5 76.2 61.0 70.1
This study 103.9 73.5 87.0 77.4 69.1 76.3 61.5 70.6

probe concentration was fixed at 1.0 x 10~ molL~! to avoid the
formation of pyrene microcrystals and extrinsic phenomena. Both
slit width settings of excitation and emission monochromators
were adjusted to 2.5 nm. The samples were excited at 336 nm and
the emission spectra were recorded from 360 to 500 nm. The fol-
lowing procedure was applied for all experiments performed. The
fluorescence spectrum was recorded after the addition of each vol-
ume of surfactant solution. The I;/I5 ratio was considered as the
ratio between the maximum band emission intensities of the probe
at 372.8 nm (I1) and 384.0 nm (I3).

2.7. Static light scattering (SLS) measurements

The apparent molecular weight (M,app), radius of gyration (Rg)
and the second virial coefficient (A, ) of LT were determined by the
Zimm plot method (Burchard, 2008; Schartl, 2007; Wang & Zhang,
2009) using a BI-MwA light scattering spectrometer (Brookhaven
Instruments Corporation) and a laser of 620.0 nm at angles of 35,
50, 75, 90, 105, 135, and 145°. Pure toluene was used to obtain
the optical constants for the equipment. The differential index of
refraction (dn/dc) was determined in a BI-DNDC differential refrac-
tometer (Brookhaven Instruments Corporation) at 620.0 nm, with
DNDCW Windows™ software. Stock solutions of LT were prepared
in 2.0 x 102 molL~! of NaOH under magnetic stirring for at least
12 h. The dn/dc value was 1.45 x 10~4Lg~1.

The LT-SB3-12 and LT-SB3-14 solutions were prepared from
an aqueous solution containing 0.5mgmL~! of LT, with the sur-
factant concentration increasing from 0.10 to 3.25mmolL-! for
SB3-12 and from 0.01 to 0.25 mmol L~ for SB3-14. The measure-
ments were taken at a temperature of 25.04+0.1°C, analyzing the
scattering intensity at an angle of 90°. All these solutions were opti-
cally purified by filtration through Millipore filters with a pore size
of 0.45 pm.

3. Results and discussion
3.1. Characterization of LT

The FT-IR spectrum of LT (Figure S1) showed a broad band at
3410cm~! characteristic of O-H stretching, bands at 1078 and
1041 cm™! corresponding to C-H B-1—6 glycosidic and B-1—3
glycosidic linkages, respectively, and a band at 890 cm~! associ-
ated with C-H bending, the latter being typical of 8-p-glucose in
pyranose form (Wang et al., 2009; Wang, Zhang, et al., 2009). The
absence of a band at 850cm~! demonstrated that there were no
a-glycosidic linkages in the structure of LT (Surenjav, Zhang, Xu,
Zhang, & Zeng, 2006; Wang et al., 2009; Wang, Zhang, et al., 2009;
Yu et al.,, 2010; Zhang, Zhang, & Cheng, 1999). The 13C NMR spec-
trum for LT was collected in DMSO-dg solution (Figure S2). Table 1
shows a comparison between the chemical shifts obtained in this
study and other data reported in the literature (Wang & Zhang,
2009; Zhang, Li, Zhou, Zhang, & Chen, 2002), which indicates that
the data are very similar, indicating that LT was isolated and con-
firming its high purity.

The values for Myapp (941 x10° and 9.69 x 10° gmol~!
for ¢=0 and 6=0, respectively)) Rg (154.0nm), and
Ay (1.01x103mLmolg—2) for LT were determined in

aqueous solution of NaOH (2.0 x 102 molL~1) by the Zimm
plot method (Figure S3) (Burchard, 2008; Schartl, 2007; Wang
& Zhang, 2009). The Mw,app and Rg values are in agreement
with data previously reported by Xu et al. (2010) and Maeda,
Hamuro, and Chihara (1971). The positive value of A, indi-
cates that an aqueous solution of NaOH (2.0 x 102 molL-1)
is a good solvent for LT, because the polymer-solvent inter-
actions are stronger than the polymer-polymer interactions
(Schartl, 2007).

3.2. SAXS measurements

LT was investigated in aqueous solution by means of the SAXS
technique, keeping a constant polymer concentration of 1.0gL~1.
These studies were performed in order to evaluate possible mor-
phological differences in LT in aqueous solution at different NaOH
concentrations. The interpretation of the angle dependence of the
intensity of X-ray scattering is simplified when fractal geometry is
used to describe the LT structure. The intensity of SAXS for fractal
objects is given by Eq. (1) (Guinier & Fournet, 1955; Sorensen &
Wang, 1999):

I(q) =Io(q)™" (1)

Thus, when the system has a fractal structure, a linear region
with slope-« is observed in the plot of logI(q) as a function of
log(q). If 1<a<3, the region is the result of a fractal volume
(mass or pores) and if 3<a <4 the region is the result of a frac-
tal surface, and the geometry of the basic repeating unit of the
fractal is directly correlated to the slope «, as established in Table
S1, adapted from the literature (Burchard, 2008; Schartl, 2007;
Stribeck, 2007).

SAXS measurements for LT powder can be described by Porod’s
Law, corresponding to the classical Euclidean geometry, with an «
value of 4 (Figure S4) and domains exhibiting smooth surfaces and
sharp density transitions (Stribeck, 2007). Fig. 2 shows the angle

log(I(9))+ A (a.u.)

slope: -1.50 .
0.1 1

g (nm™)

Fig. 2. The double logarithmic plot of the scattering intensity I(q) versus the magni-
tude of scattering vector g for 1.0mgmL-! in the absence ((J ) and in the presence
0f20.0 (M ),40.0 (O ),60.0 (+ ), 80.0 (A ), and 100.0 (@) mmol L' NaOH,q) at 25°C.
Each one of the scattering curves was vertically shifted by a factor A.
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Fig. 3. Kratky plots of LT in the absence (C] ) and in the presence of 20.0 (¥ ), 40.0
(O '), 60.0 (+ ), 80.0 (A ), and 100.0 (®) mmolL~! NaOH,q, at 25.0°C. c(LT)=1.0
mgmL-1,

dependence of the scattering intensity log(I(q)) as a function of q
for LT in the absence of NaOH,q) and with different NaOH(,q con-
centrations (20.0, 40.0, 60.0, 80.0, and 100.0 mmol L-1). As shown
in Fig. 2, the angle dependency of the scattering intensity varies
from g~ 198 to q~1°0 when the NaOH concentration is 20.0 or
100.0mmol L1, respectively. The « values were within the lim-
its of a fractal volume region. According to Table S1, the increase in
the c(NaOH) leads to changes in the fractal dimension of the poly-
mer, ranging from values close to 2.0 (solvated branched polymer)
to values close to 5/3 (Gaussian coil). This suggests, as described
by other authors using different techniques, a transition of the
LT morphology from triple helix to random coil chains (Xu, Xu,
Zhang, & Zhang, 2008; Zhang et al., 2004) when the c¢(NaOH) is
increased.

Fig. 3 shows the Kratky plot (I(q)q? as a function of q) (Tada,
Matsumoto, & Masuda, 1998) of an aqueous solution of LT in
the absence of NaOH and in the presence of increasing c(NaOH)
at 25.0°C. The rigidity of the association of molecular chains
can be estimated from the Kratky plot (Gawronski, Conrad, &
Stahmann, 1996; Svergun & Feigin, 1987; Tada et al., 1998). In
the case of a Gaussian coil, the curves do not exhibit any plateau.
On the other hand, for a rigid rod particle, the scattering curves
increase with increasing q until reaching a plateau (Gawronskietal.,
1996).

The Kratky plots for LT systems ranging from 0.0 mmolL~!
to ca. 60.0mmolL-! of NaOH show a clear plateau, which
approximated the behavior of rod-like particles. On the Kratky
plot for the system containing 80.0 and 100.0mmolL~! the
scattering intensity increased with g and a plateau was
not observed. This behavior is characteristic of Gaussian coil
chains.

These experimental results suggest that the conformation of
the molecular chains of LT gradually changes from rod (triple
helix) to random coil (single helix) with an increase in ¢(NaOH).
This transition is promoted by NaOH(,q), resulting in the dis-
ruption of inter- and intramolecular hydrogen bonds that hold
together the LT chains, in the form of a triple helix (Zhang et al.,
2004).

In order to gain further insight in to the fine structure of the
rod-like molecular self-association of LT at lower ¢(NaOH) in aque-
ous solution, the cross-section radius for the rod-like structure was
estimated with the use of SAXS data. The Guinier approximation
for the scattering intensity of the cross-section moiety provides
the radius of gyration for the cross section of the rod-like particle
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Table 2
Rgc values for LT at different NaOH concentrations at 25.0 °C. The concentration of
LT was 1.0mgmL-1.

c(NaOH) (mmol L) Rgc (A)
0.0 8.0
20.0 6.5
40.0 6.0
60.0 53
80.0 a

100.0 4

2 At high NaOH concentrations, the formalism for a rod can no longer be applied to
the system, because LT chains, at ((NaOH) > 80.0 mmol L-1, are found in the random
coil form.

(Rgc, the lateral radius of gyration), according to Eq. (2) (Gawronski
et al., 1996; Sun, 2004; Svergun & Feigin, 1987; Tada et al., 1998).

_ Réc q

Ic(q)=lo(q)exp( > ) (2)

Therefore, the curves of Inl(q)q as a function of g2 (Figure S5)
were used to estimate the Rgc values using Eq. (2). In Table 2 it can
be observed that the Rgc values obtained decreased with anincrease
in the ¢(NaOH). This trend may be attributed to the conformational
modification of LT, which gradually changes from the triple-helix
to the single-helix chain (random coil) conformation, as mentioned
above.

3.3. Surface tension measurements

Fig. 4 shows the surface tension values for SB3-12 and SB3-14
in the absence and in the presence of 0.5mgmL~! of LT in aque-
ous solutions. In the absence of LT the SB3-12 profile shows a
net break occurring at 37.6 mN m~!, which gives the critical micel-
lar concentration (cmc) value of 2.20 mmol L1, while the SB3-14
profile shows a net break occurring at 37.7mNm~!, leading to
cmc=0.31mmolL-!. These values are in good agreement with
those found by other authors (Graciani, Rodriguez, Mufioz, & Moya,
2005) using the same technique. In the presence of LT, the sur-
factant profiles exhibit discontinuities followed by two constant
regions. A first narrow plateau at 42.0mNm~! for SB3-12 and
41.7mNm~! for SB3-14 is now observed, corresponding to the
onset of the binding of the SDS micellar clusters to the poly-
mer. This is known as the critical aggregation concentration (cac)
(Norwood, Minatti, & Reed, 1998; Zanette, Felippe, Schweitzer,
Dal B6, & Lopes, 2006) and was at 0.75 mmolL~! for SB3-12 and
0.09mmol L-! for SB3-14. Above this point the surface tension
decreases again until reaching a plateau. At this point, which is
referred to as the polymer saturation point (psp), the LT-surfactant
association ends, being interpreted as the SB3-12 or SB3-14
concentration at which the saturation of the LT chain with the
surfactant monomers is complete (Zanette et al., 2006). The psp
occurs at 2.0 mmol L~ for SB3-12 and at 0.29 mmol L~ for SB3-14,
and after this point the surface tension values remain constant at
37.6 mNm~! forboth surfactants in the absence and presence of the
polymer.

3.4. Fluorescence measurements

The technique of fluorescence measurements using pyrene as
a fluorescent probe has been widely employed in the investiga-
tion of micelles (Eising et al., 2008; Kalyanasundaram, Graetzel, &
Thomas, 1975; Zana, 1986), in lipophilic environments (Glushko,
Karp, & Sonenberg, 1976; Glushko, Thaler, & Karp, 1981), in sol-
vation studies (Kusumoto, Takeshita, Kurawaki, & Satake, 1997,
Silva, da Silva, Machado, Longhinotti, & Frescura, 2002) and in
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Fig. 4. Surface tension plots for SB3-12 (A) and SB3-14 (B) in the absence (O) and
in the presence (M) of LT (0.5 mgmL~") at 25.0+0.1°C. The cmc, cac and psp are
indicated with arrows (and described in the text).

the investigation of aqueous mixtures of polymers and surfac-
tants (Bellettini et al., 2012; Felippe, Bellettini, Eising, Minatti,
& Giacomelli, 2011). Pyrene is used as a probe due to the fact
that the intensities of its emission vibronic bands are strongly
dependent on the medium polarity (Kalyanasundaram & Thomas,
1977; Nakajima, 1971). More precisely, an increase in the intensity
of the first fluorescence emission band (I;) occurs in the pres-
ence of polar solvents, while only a slight effect occurs in the
case of the third band (I3) (Kalyanasundaram & Thomas, 1977;
Nakajima, 1971). The I;/I3 ratio has been used in a scale of sol-
vent polarities (Dong & Winnik, 1982): a value of 1.8 was observed
for water and 0.6 for hexane. Polarity changes in the microenvi-
ronment of the probe are reflected in an alteration in the I/I3
ratio.

Fig. 5 shows plots of the I /I5 ratio for the fluorescence of pyrene
as a function of the concentrations of SB3-12 and SB3-14, in the
absence and in the presence of LT at a fixed concentration of
0.5 mg mL~1.The I, /I5 ratio in the presence of very small amounts of
SB3-12 or SB3-14isaround 1.75, which s consistent with the water
polarity (Dong & Winnik, 1982). The cmc values could be deter-
mined considering the surfactant concentration where the upper
plateau ends. According to this methodology, the cmc values for
SB3-12 and SB3-14 were determined as 1.05 and 0.15 mmol L1,
respectively. These cmc values are lower than those obtained based
on the surface tension, and this occurs because the low pyrene
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Fig. 5. Influence of I/I; ratio on the fluorescence emission of pyrene in aque-
ous solutions containing increasing amounts of SB3-12 (A) and SB3-14 (B) in the
absence (O) and in the presence (M) of LT (c(LT)=0.5mgmL-'). The pyrene con-
centration was 1.0 x 10~% mol L', with excitation at 336 nm, and the excitation and
emission slits were adjusted to 2.5nm at 25.0+0.1°C.

solubility in water can lead to the occurrence of pre-micellar aggre-
gates (Zanette et al.,2006), which induces the formation of micelles.

With the presence of LT in the SB3-12 or SB3-14 systems
the profile is shifted considerably and the upper plateau ends
at lower SB3-12 and SB3-14 concentrations. The data for the
LT-SB3-12 system clearly show the cac to be 0.62mmolL!,
and those for LT-SB3-14 show a cac of 0.06 mmol L. Likewise,
the addition of LT to the SB3-12 and SB3-14 solutions led to
a shift in the cmc values toward a lower concentration. Hence,
the presence of a cac in both systems indicates the formation of
LT-SB3-12 and LT-SB3-14 complexes through a cooperative pro-
cess.

3.5. SLS measurements

SLS data are shown in Fig. 6 for the titration of SB3-12 and
SB3-14 in the absence and in the presence of LT. In these exper-
iments the SLS intensity was monitored at an angle of 90° in the
solutions as a function of the surfactant concentration. It can be
observed that the data related to the LT-SB3-12 (Fig. 6A) and
LT-SB3-14 (Fig. 6B) systems are similar: the addition of surfactant
causes an increase in the SLS intensity in the region corresponding
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(O) and in the presence (W) of LT (¢(LT)=0.5 mg mL1).

to the cac for each system. This provides evidence of the formation
of polymer-surfactant complexes.

At low surfactant concentration the SLS intensity is low, reach-
ing a maximum which characterizes the onset of LT-surfactant
association. The cac values obtained for LT-SB3-12 and LT-SB3-14
were 0.80 and 0.10 mmol L1, respectively. These results suggest
that at the cac (corresponding to the maximum scattering) the
LT triple chains are swelled through interaction with surfactant
molecules. If more surfactant is added, the triple chains are broken
down into single chains, decorated with surfactant molecules, lead-
ing to smaller objects and therefore to a decrease in the scattering
intensity. In other words, the surfactant promotes the morphologi-
cal transition (triple to single chains) of LT. The LT chain saturation
(psp) occurs at higher surfactant concentrations, and from this point
onward the micelles of free surfactant are observed to be in equi-
librium together with the LT-surfactant complexes in solution.

4. Conclusions

SAXS data revealed that LT, when in the solid state, has a struc-
ture that follows Porod’s Law, with domains presenting smooth
surfaces and sharp density transitions. However, when in water, LT
shows a fractal organization (fractal volume) similar to small rods

and the fractal dimension shifts to smaller values upon the addition
of aqueous NaOH, indicating a change in the polymer structure to
a single chain random coil conformation. Another important fac-
tor is that the Rgc values for LT were obtained for the first time.
These data allowed a better understanding of the nature of the
conformational transition of LT, since in the absence of NaOH the
Rgc value for the biopolymer is 8.0 A (triple helix) and in the pres-
ence of c((NaOH)=60.0 mmol L~! this value decreases to Rgc=5.3 A,
indicating a gradual transition to single random coil chains.

Also, the interaction of LT with SB3-12 and SB3-14 was verified
through surface tension, pyrene fluorescence and SLS measure-
ments. Through these techniques the cmc values of the surfactants
were determined and cac and psp values were obtained for the
LT-SB3-12 and LT-SB3-14 systems. The data obtained in this study
suggest that the LT-surfactant interactions occur via cooperative
associations.
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